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ABSTRACT 

One objective of the project is to identify non-polluting Li-based inhibitors for suppressing 
the corrosion of aluminum alloys to a degree that they will represent satisfactory substitutes for 
environmentally hazardous chromium coatings that are widely used. 

Since all corrosion involves oxidation and reduction it can be measured by observing the flow 
of electrons in a system. A device which does this is a "Potentiostat." If no current flows, corrosion 
is stopped. 

A series of non-carcinogenic and low toxicity lithium salts passivate aluminum and hence 
interrupt corrosion. A statistical series was set up to optimize the salts. A patent application is being 
prepared. A literature search has indicated that this is a new approach. 

Another concept which shows promise is to heat aluminum-Hthium alloys (about 3% Uthium) 
to 350 °C for 30 minutes in argon gas. This relocates the lithium onto the surface of small (200 to 
320 mesh) pigment particles. In this way the passivating lithium salts can be concentrated on the 
surface. In many instances only the pigment surface produces passivating influences on the substrate. 
Since molecules on the surface are a very small percentage on the order of one atom to then-thousand 
interior atoms the amount of passivating chemical can be much less. A patent application is also 
being prepared on this concept. This concept is called "nanostructural inhibitors". 

The second objective is to incorporate these inhibitors into a paint vehicle as primers. An 
arrangement has been made with "EuroNavy USA" for this phase which has not yet begun. They will 
test and manufacture the paints. 

The final objective is to accommodate the products to Navy requirements for various paint 
specifications where possible. We have already tested some of the proposed passivators on 1000, 
2000, 5000 and 6000 series alloys successfully. 

IV 
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INTRODUCTION 

Lithium Carbonate in solution has been shown to protect certain metals, particularly 
aluminum, from corrosion by reacting at the surface. SIMS (Secondary Ion Mass Spectrometer) 
confirms this phenomena. Sodium carbonate and potassium carbonate reactions produce a soluble 
product and no alkali is detected on the surface by SMS. Because of their high solubility and 
reactivity most "alkaline metal" compounds are not suitable for corrosion protection. Metallic 
aluminum normally provides its own corrosion protection due to its tendency to form an aluminum 
oxide insulator on the surface, but the matrix of hydrated aluminum oxide is penetrated by chemicals 
such as NaCl, acid and bases. 

Engineers and scientists observed that certain aluminum-lithium alloys demonstrated some 
diffusion of lithium to the surface of the alloy. The hthium ion is so small that it penetrates the large 
interstitial spaces of the aluminum oxide layer. The aluminum - hthium alloys are stable in chemical 
composition at ordinary temperatures but a Uthium-rich surface can be easily produced in the alloy 
by briefly heating to facilitate the migration. It appears that certain hthium alloys or compounds can 
be incorporated into a paint vehicle or otherwise deposited on the surface of aluminum alloys to 
provide corrosion protection when exposed to salt water, humidity and other corrosive environments. 

The corrosion propensity of the various alloys of aluminum may be measured by 
electrochemical techniques. Electrochemical techniques of corrosion testing have continued to be 
attractive to investigators interested in corrosion. The imposition of a controlled potential via a 
potentiostat is a very attractive concept from a reaction kinetics point of view. Furthermore, 
electrical currents are simple to measure and can be directly related to electrochemical reaction rates 
through Faraday's Law. AC techniques can be used to determine film resistivity and thickness 
values. A variety of electrochemical tests have been proposed and developed. Scanning electron 
microscopy (SEM) and simple magnification of target metals illustrates the surface modification 
caused by the hthium salts. The problem is to select inhibitors, optimize them and to make them 
available to protect the aluminum substrates by a coating process. 

The United States Navy has established an operations requirement for primers for aluminum 
which can be applied by personnel while on patrol. The desired product must be a fire retardant, 
general purpose primer which will be both protective for the exterior as well as the interior surfaces 
of aluminum. Material selection and usage are rigidly governed by codes; for example, those 
contained in proposed contaminant restrictions. 

Chromium compounds provide outstanding corrosion protection of certain metals. Chromates 
are used in the chemical conversion coating of Aluminum, (MDL-C-5541). Chromates have reportedly 
been determined to be carcinogenic and therefore a replacement for them is currently being sought. 
Environmental Agencies limit the amount of chromium ion tolerated in waste water to less than one 
part per million Thus an environmentally benign substitute is desired. Since most available 
corrosion inhibitors are based on heavy metals or reactive amides, the available alternates appear to 
fall short of the desired performance in corrosion inhibition and/or environmental suitability. 

Various hthium compounds appear to offer a viable alternative to chromium using a new 
concept of corrosion inhibition. 



OBJECTIVE 

The objective of the first phase of this project is to identify or create new primer inhibitors 
based on aluminum-lithium to a degree where they will represent satisfactory substitutes for the 
chromium paints for aluminum. 

The second phase objective is to incorporate the pigments into paint vehicles which can be 
used as primers and which are essentially non-polluting. 

The final objective will be to accommodate the products to Navy requirements for various 
paint specifications where possible and to arrange a manufacturing facility. 



SCOPE 

The scope of this project as described is very broad. Obviously one cannot develop a new 
concept in coatings and follow through to a broad set of specifications and uses in one or two years 
for a few hundred thousand dollars. However, we will demonstrate that the product can fulfill all of 
the requirements from the pigment concept to the final use. The pigment will be investigated in detail. 
The coating will utilize existing vehicles i.e. latexes, etc. used by the Navy under military 
specifications with chromate pigments. We will then assess the suitability of the developed product 
to meet existing specifications and propose modifications, inserts, or deletions. 



METHOD OF PROCEDURE 

The fundamental piece of equipment used in this part of the program is the Model 352/252 
Soft Corr™II Corrosion Measurement & Analysis Software manufactured by EG&G Instrument 
Division of Princeton Applied Research. 

The instrument is installed and running. Qualification tests per ASTM G-3 and G-5 were run 
to ensure proper functioning of the equipment. The first machine was out of calibration and was 
replaced by the vendor. The recent flood in New Orleans, in May 1995, also led to some delays 
since the airport was closed, the motels and hotels were filled with flood victims and those rental cars 
which were not flooded were rented out to victims. This delayed the technician coming from the 
factory for thirty days. 

The technician determined that the defect was not correctable without major repair. The 
machine was replaced by the vendor. In the interim, we purchased training films, programs and books 
and began test runs and procedure trials. 

A series of chemicals were selected and purchased for the compounds tests. Substrate 
aluminum panels were selected and purchased. Some aluminum-Uthium compounds have been 
ordered and others will be chosen as time allows. Some vendors are reluctant to send certain 
aluminum-hthium products because they are considered proprietary. 

The American Conference of Governmental Industrial Hygienists in their 1994-1995 
"Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure 
Indices" does not list lithium compounds as a particular problem although the subject has been 
studied in connection with batteries, ceramics and as an absorber of atomic particles in nuclear 
reactors. Only Lithium Hydride is listed on the TLV list. The Material Safety Data Sheet reports that 
Lithium Citrate is stable, has no hazardous reactivity, and is not carcinogenic, but is considered toxic 
by ingestion, injection and inhalation. 

Generally, the lithium compounds are not considered poisonous, depending on the anion. 
Lithium Hydride, Lithium Hydroxide, Lithium Fluoride, Chloride and Lithium Selenite, to name a few 
are toxic, largely due to the toxicity of the anions. Lithium is a common element and many of its 
salts, i.e., acetate, benzoate, borate, carbonate, lactate, nitrate and sulfate are commercially available 
and regarded as moderately toxic. The overall toxicity will be determined when the final formula is 
selected. The paint vehicles will be selected from those which are environmentally acceptable. 

We are now members of the SP-3 committee of the Steel Structures Painting Council (SSPC). 
This group is involved in surface preparation and painting of ships. As the name suggest the prime 
problem is Steel, however all members contacted have aluminum corrosion as well as steel. The 
members include military and commercial builders. The large commercial ships are concerned 
primarily with steel hulls and structures. 



Aluminum-Lithium powder is the fundamental material studied in this project. It is available 
from many other sources but most require orders of substantial quantities. One source confirmed that 
patents being sought by manufacturers create some limits. The material is commercially available but 
quantities limit the variety, since a minimum purchase can be $5,000 to $10,000 worth of material. 
However, enough is available to complete the study. 

The first year's schedule has slipped in some task areas due to the flood and the defective 
equipment, which could not be corrected until the factory representative arrived to verify the problem. 

(1) Contact Suppliers bv Phone 

We have contacted Doctor Alex Chou of Reynolds who has agreed to send us the version of 
Aluminum-Lithium proposed for use on the Space Shuttle. Comalco (Australia) has supplied a 
sample of high lithium content alloy. Alcoa has provided sheets of alloy 2090. 

The Aluminum Powder Company Limited in England unofficially suggested a price of $8/lb 
in large quantity, but for 150/Ib. niinimumthe price is about $40/lb. We are negotiating to get smaller 
quantities at a better price. International Nickel, Pichonet, Kaiser, Alcan and International Light 
Metals have not yet agreed to participate. 

(2) Perform Survey of Similar Studies 

The only studies found in references was the study by R.G. Buchheit of Sandia and Jing Gui 
and M.T. Douine (University of California, Berkley). It appears that they are working on the 
"Anodize" or "Irridite" approach. Buchheit has sent his papers to us and the literature study has given 
us published work to date by the University of California. The formation of "talc" if it occurs, is 
probably not the source of our corrosion resistance since no carbonate was used in many of the 
experiments and passivation occurred with inert gas and ASTM pure water. The literature search is 
complete. Although many references to lithium were found only Buchheit and Associates propose 
a hthium corrosion inhibitor. 

(3) Study Literature 

The pertinent papers from the literature survey have been received and all but two or three 
of sixty are on file and have been studied. This will be periodically updated but is essentially 
complete. 

(4) Order Any Other Promising Inhibitors 

Many of these chemicals are on hand and will be disclosed as they are tested. 



(5) Prepare Screening Tests 

The first screening tests have been performed on pure aluminum panels. We looked at 
passivation by combinations of inhibitors. 5,000 and 2,000 series were checked to look at alloying 
effects on the aluminum corrosion properties as related to the passivity produced by the lithium and 
its salts. Alloys 1100,2219,5052 and 6061 were passivated. Tempers of the metals did not seem to 
substantially change the results. 

(6) Perform Rating by Electrochemistry 

A statistical series was started to determine the type and quantity of passivators to be used. 
The layout of the series is four hthium salts at four levels. The series has sixteen combinations each 
representing combinations of passivators. This enables us to get data equivalent to four to the fourth 
power or 256 experiments. (See Appendix A). The pH for the first set was maintained at 10.5. 
Another set was run at Ph 9.0. Other passivators will also be run. The passivators are compared 
on the curves by the degree of passivation and the quality of the exposed panels (i.e. deposition of 
protective coating and lack of corrosion.) 

The two month delay due to floods and defective equipment has shifted this work from 4th. 
Quarter 1995 thru 1st. Quarter 1996 to 1st. Quarter 96 thru 2nd. Quarter 96. Once the optimum 
combination of inhibitors has been established the Aluminum-Lithium pigment will be treated so as 
to provide the desired ratio to the substrate when coated and thus passivate the painted substrate. 

The statistical series is now underway and as the sets of curves indicate the wide range of 
curves promises a good result. Page 9 of this report provides an explanation of the Greco-Latin 
Squares. One set of curves represents each passivator at a fixed concentration in combinations with 
every level of other passivators. The result optimizes the passivator combinations based on the 
ratings of the individual results. The curves should stabilize at zero ampheres of current. If there is 
no current there is no corrosion. There are some circumstances where the current when stable at 
some value (indicated by a horizontal line on the curve) can represent passivation. A detailed 
evaluation will be presented in the first or second quarter of 1996. 

(7) Treat Pigments 

We cannot treat pigments until an argon oven is functional so that we can check the results. 
This also will be reported in the next quarter. Appendix A discusses the pigment base which will 
ultimately be used. 

(8) Scanning Electron Microscope 

A surplus Scanning Electron Microscope has been made available to UNO from LSU. Having 
this device at the center will facilitate metal inspection for quality of the passivating film. 



(9) Analyze Lithium Salts & Metals 

A study was made and promising materials are now on hand. Corrosion inhibitors were 
selected. The results are encouraging. Lithium Nitrate looks particularly good. Since no carbonate 
is available in the test, the formation of "talc" does not occur. The solution is ultra pure water with 
nitrogen purge. The passivity appears superior to lithium carbonate but the exact compound formed 
at the surface has not been determined. Several analyses remain to be performed. 

(10) Select and Order Inhibitors 

Forty inhibitor possibilities were selected from the literature, from the bender catalogs and 
from our own analyses of chemicals. Most were lithium compounds with a few possible modifiers 
of zinc and other metals. These were screened electrolytically and by surface analysis. 

(in Select and Order Metals for Test Panels 

A set of panels was ordered from the "Q-Panel" Company. Some "buttons" of various 
aluminum alloys certified as All 100, A12090, A12219, A15005, A15052, A15456, A17075 and A16061. 
Tests were run on passivity and A16061T6 was selected as the alloy for general testing although all 
were passivated by the Lithium salts. 

(12) Test Panels & Proposed Mechanisms 

This study is ongoing. SEM photos and surface studies are under way. 

H3^ Verify Theory and Relate To Military Specifications 

This task was not completed due to lack of time. This task will be proposed for year 1997. 

(14) General 

Four significant developments resulted from the first year investigations. First, several 
inhibitors in the form of lithium salts seem to show promise. "Lithium Nitrate" looks particularly 
good possibly from the lithium atom in the molecule and possibly because of the nitrate. Lithium 
Sulfate also looks good. Since all carbon dioxide was flushed out of the water and certified ultra 
pure water, with no carbonate, was used, the formation of'Talcite" coating described in U.S. Patent 
5,266,356 does not seem probable with these inhibitors. It appears more likely that Lithium 
Alumnate (inert ceramic) or some other reactant or structure is probable. Investigations will continue 
into 1996. Combinations of passivators looked better without the lithium citrate. 

In any event, the passivation was verified on aluminum alloys 1100,2024,2219, 5052, and 
6061. The 2219 showed a unique second peak which also passivated. This may be pitting corrosion. 



The second innovation is called "Nanostructural Inhibitors." The ratio of atoms on the 
surface to the body of a typical tiny pigment particle is about 1:10,000. If we heat Aluminum 
Lithium to 300° C, the Lithium migrates to the surface. This is done under Argon and although the 
Lithium is only 2 or 3% by weight, the surface collects about 90% Lithium This should improve the 
corrosion resistance of the alloy and provide surface sites for reacting citrate, etc. 

Typical structures painted 20 or more years ago with chrome or lead pigments retain their 
color if cut, indicating that surface inhibitors may be effective and that much of the inhibitor is not 
consumed, and usually not necessary. 

Thirdly, since heating in argon, the Lithium tends to migrate to the surface of the Aluminum- 
Lithium alloy, properties such as fracture toughness, and weld ability should be improved. This will 
be a separate investigation. The lightweight of the Aluminum Lithium alloy is desirable but the 
fracture properties and welding present problems. The relocation of lithium to the surface should 
enhance corrosion resistance, improve fracture properties and simplify welding. 

The fourth thrust is a statistical study of the inhibitors. It seems that there are advantages in 
blending inhibitors. These salts are particularly adaptable to statistical analyses since they are 
compatible with one another. Greco Latin Squares are presently being used. Taguchi methods may 
be used later. Typical results are in the attached Appendix A. 

Dr. Nikhil Sarkar has been used as a consultant as planned in the first year. He has twenty- 
five years experience in electro-chemistry work and is enthusiastic about the results. 



DISCUSSION OF RESULTS 

Research efforts the past year were directed at accomplishing the first objective. Significant 
progress made to date is reported here. Electrochemical corrosion tests were performs on alloy 
6061T6 in electrolytes containing a combination of four soluble Li-salts at pH 9 and 10.5, 
respectively. The inhibiting effect of Li-salts has been found to be pH dependent in the past. 

The four Li-salts that have been used are listed below along with information on their 
molecular weight and solubility characteristics in water. 

(1)      List of Lithium salts: 

SOLUBILITY FORMULA WEIGHT CHEMICAL COMPOUND 

0.2M 73.89 A=Li2C03 Lithium Carbonate 

0.26M 281.99 B=Li3C06H507.4H20 Lithium Citrate 

1.3M 68.95 C=LiN03 Lithium Nitrate 

Very Sol. 173.82 D=Li2Mo04 Lithium Molybdate 

(2) 

(3) 

The various subscripts indicate variations in molar concentrations: (Moles/liter) 

C, = 0 A1 = 0 

A2 = 0.018 

A3=0.03 

B, = 0 

B, = 0.09 C2 = 0.09 

B3=0.15 C3 = 0.15 

A4 = 0.05 B4 = 0.25 C4 = 0.25 

Sixteen solutions were prepared blending the above: 

D, =0 

D2 =0.01 

D3 = 0.02 

D4 =0.03 

A.B.QD, 
A, B2C4 D2 

A, B3 C3 D3 

A,B4C2D4 

A2Bj C2 D2 

A^CJDJ 
A2B3C4D4 

A.B.QD, 

A3B,C3D3 

/\o D2 ^2       A 

A3 B3 C, D, 
A, B4 C4 D, 

A4 B, C4 D4 

A, B2 C3 D, 
/\^ Di v^2 ■^-'2 

A, B4 C, D3 

(4) The table is laid out so that if one rates the solutions as to their ability to passivate, to form 
a film and to prevent corrosion by pitting or surface corrosion, each solution will have a 
numerical value representing the desirability and function of the solution as a passivator. 



(5) The aluminum used in the test was 6061T6 and the pH was adjusted with LiOH or HN03 

(6) If one adds up the values in the vertical columns all   A/s are in column #1; all \ 's are in 
column #2;  all A3's are in column #3;   all  A4's are in column #4. 

Aj— A2 A3 A^j 
Aj— A2— A3— A4 
/\i~~~ f\-2~~~ /Yj~~~ jrV.4""'" 

(7) Furthermore each column pairs the particular concentration of A, i.e. 1,2,3,4 with every value 
of B, C, and D once and only once. 

(8) By adding the values assigned to each solution we can determine which value of A provides 
the best passivation. 

(9) By adding horizontal rows, values of B may be evaluated in the same way. 

(10) By adding diagonally upper left to lower right, C may be evaluated.* 

(11) By adding diagonally upper right to lower left, D may be evaluated. * 

*   In order to complete diagonals an identical matrix is imposed to the left or right of the 
original matrix. 

The following charts are the results of evaluating the first set of passivators. From these 
charts a rating is determined and for each panel exposed of alloy 6061 Aluminum, a Scanning 
Electron Microscopic evaluation a surface chemical analysis is made. These evaluations are being 
made and will be reported in the next quarter and optimum ratings will be assigned to each solution. 

One final note there must be no chemical reaction between A, B, C, or D for this procedure 
to be valid. 

The final electrolytes using a combination of different salts in various concentrations were 
used. The pH of the electrolytes was adjusted by using LiOH or HN03. The electrolytes are 
degassed by bubbling high purity N2. 

The following values are from Appendix A. A few extra values are on the tables. 

10 



TABLE I 
MATRIX RATINGS - BY CURRENT FLOW 

MA   RANGE SCORE RATIONALE 
1.0- 2.0 10 Virtually no current 
2.0 -3.0 8 Still pretty good 
3.0 -4.0 7 Accepted 
4.0- 6.0 6 Some passivation indicated 
6.0 - 10.0 5 Some promise 
10.0-50.0 1 Little or no passivation 
50.0- 0 Metal Corrodes 

MATRICES @ pH 10.5 & 9 

10.5A,   9 10.5 A, 9 10.5A, 9 10.5A 9 
0 1 6 10 5 8 6 7 
0 10 0 1 0 0 6 6 pH 9 much better than 
1 5 8 5 0 0 1 6 10.5    Li2C03  good 
1 0 0 6 1 6 0 0 at A2, A3, A4 

2 16 14 22 6 14 13 19 

10.5] B1   9 10.5B, 9 10.5B, 9 10.5B4 9 
0 1 0 10 1 5 1 0 
6 10 0 1 8 5 0 0 Lithium Citrate B, or 
5 8 0 0 0 0 1 1 B2 low level or none 
6 7 6 6 1 6 0 5 
17 26 6 17 10 16 2 6 

10.5C,    9 10.5C? 9 10.5C, 9 10.5C4 9 
0 1 1 0 1 5 0 10 
0 1 6 10 0 5 8 5 Lithium Nitrate 
0 0 0 0 5 8 1 6 C2,C3, C4,  Best 
0 0 8 6 0 6 5 7 
0 2 14 16 6 24 14 28 

10.51 D,    9 10.5D, 9 10.5D, 9 10.5D4 9 
0 1 6 10 1 5 1 1 Molybdate  Da 

0 5 1 6 0 1 0 0 
0 0 1 6 5 8 0 0 Result pH = 9 
6 6 5 0 0 0 5 7 A2  B,   C4   D2 

6 12 13 22 6 14 6 8 

11 



The above combinations, (see Table I on previous page) based on a statistical design (Greco 
Latin Squares), offers the potential to evaluate the inhibiting effectiveness of various Li-salts in a 
reasonably short time. With 16 electrolytes, it in effect enables us to collect data on 256 (44) 
experiments that would have been necessary using each electrolyte singly. 

The following electrochemical tests have been performed: (a) open circuit potential (ocp) 
versus time measurement and (b) potentiodynamic polarization measurement. The first test is the 
most basic electrochemical corrosion test. It monitors the electrode potential (E-volts) of a metal 
sample with respect to a reference electrode as it freely corrodes in an electrolyte. The value of the 
potential when analyzed on the basis of Pourbaix potential -pH (E-pH) diagrams provides valuable 
information on the electrochemical nature of the metal surface, whether it is active, passive, immune 
or transpassive in the corroding electrolyte. The potential in the present study was measured until 
it reached a steady-state value. The time to reach a steady-state potential varied in different 
electrolytes as this potential is controlled by several anodic and cathodic reactions. The potential was 
measured with respect to a saturated calomel electrode (SCE). 

Following the above measurement, the second test was performed. The procedure for this 
test was as follows. At the beginning, the potential of the alloy was maintained at 500 MV more 
negative than the measured steady-state potential (OCP) for 10 minutes. Then polarization was 
begun at a scanning rate of about 10 mV/sec and stopped at a potential of+500 mV above the OCP. 
This procedure was chosen to characterize the nature of the metal surface within a range of potentials 
close to its freely corroding conditions. The resultant polarization curves yield numerical parameters 
such as corrosion potential, corrosion rate, passive current density, passive potential range, 
breakdown potential, etc. These parameters can be used to compare the effectiveness of various 
inhibitor systems used. 

Onlypartial analysis of the voluminous amount of data generated has been accomplished to 
date. A brief discussion of this analysis is presented here to give an overview of our findings and to 
highlight the significance of the electrochemical corrosion work. 

Referring to the OCP-time plots, Appendix B, in all inhibitor systems, time dependent 
excursion of potential in the positive direction has been noted. Such excursion is an indication of a 
reaction layer (passive film) on the alloy surface. However, the rate of passivation as determined by 
the change in slope of the OCP-time curves is different in different systems. Also different is the 
relative change in potential with time in different systems suggesting that some systems are more 
effective than others in passivating the alloy surface. In general, the OCP's of the allowed in 
different electrolytes stayed within the range of-1.3 to -0.9 V(SCE). Two exceptions were noted 
in electrolytes #62 and #67 suggesting that these electrolytes are more effective passivators. 

Referring to Appendix B, it should be noted that each E vs Log I plot consists of both 
cathodic and anodic segments. The transition from cathodic (no corrosion) to anodic current occurs 
at the corrosion potential, E corr. While each segments of the curve will be analyzed carefully in 
future studies, for the purpose of initial screening, anodic current at +200mv above respective 
corrosion potentials (ECORR) has been used for comparative evaluation of various inhibitor systems. 

12 



The passivity of the alloy in all electrolytes at or close to its respective corrosion potentials has been 
reflected in anodic polarization curves in Appendix B. Alloys that are passive display current 
densities that remain more or less steady over a range of potential. This leads to a near vertical 
current density profile within a range of potentials in the anodic range. As shown in Appendix A, 
the current density (passive) for various inhibitor systems covered a wide range (from 1.1 to 464.2 
//A/cm2). In passive systems, lower the passive current, more stable and protective is the passive film. 
Passive films associated with anodic current density larger than 10 //A/cm2 are not considered to be 
suitable for corrosion protection. Based on this preliminary analysis, several inhibitor systems with 
passive current sensitizes in the range of lOuA/cm2 appear to be promising. 

The data is presented in Appendix A and summarized in Table II on the following page. 

The Table indicated the concentration of each salt, the passivation current, the pH of the solution and 
the score regulated to each test solution. 

13 



TABEL II - STATISTICAL MATRIX 

A=U2C03 
B=Li3C6H5074H20 
C=LiN03 
D=Li2Mo04 

All Unit = Mole/L A1=0   B1=0      C1=0   D1=0 
A2=0.C B2=0.09 C2=0.0 D2=0.01 
A3=0.CB3=0.15 C3=0.1 D3=0.02 
A4=0.C B4=0.25 C4=0.2 D4=0.03 

Score: 
1-5 = 10 30~50 = (200~300 = 2 
6-10 = 9 50~70 = i300-400=1 
10-20 = £70-100=400-600 =0 
20-30 = 7100-200 = 3 

Inhibitor System Corrosion Potential (Current at OCP+200 
Time (sec  E{Volt)     E (mV)       l(uA) 

Score 

ID# Ph A B C D 
34 10.5 A1 0 B1 0 C1 0 D1 0 1800 -1.199 -1186 58 5 
35 10.5 A1 0 B2 0.09 C4 0.25 D2 0.01 1800 -1.319 -1220 176.5 3 

36 10.5 A1 0 B3 0.15 C3 0.15 D3 0.02 1200 -0.927 -540.8 21.25 7 
37 10.5 A1 0 B4 0.25 C2 0.09 D4 0.03 1800 -0.96 -616 22.93 7 

38 10.5 A2 0.018 B1 0 C2 0.09 D2 0.01 1800 -1.163 -1039 4.797 10 
39 10.5 A3 0.03 B1 0 C3 0.15 D3 0.02 1200 -0.888 -801.1 6.117 9 
40 10.5 A4 0.05 B1 0 C4 0.25 D4 0.03 1500 -0.7827 -766.1 5.608 9 
41 10.5 A2 0.018 B2 0.09 C1 0 D3 0.02 1800 -1.079 -992.2 503.8 0 

42 10.5 A3 0.03 B2 0.09 C2 0.09 D4 0.03 1800 -0.9762 -689.2 56.18 5 
43 10.5 A2 0.018 B3 0.15 C4 0.25 D4 0.03 1800 -0.9008 -482.2 2.941 10 

44 10.5 A4 0.05 B2 0.09 C3 0.15 D1 0 1800 -0.9094 -628.6 5.008 10 
45 10.5 A3 0.03 B3 0.15 C1 0 D1 0 1200 -1.233 -1142 464.2 0 
46 10.5 A4 0.05 B3 0.15 C2 0.09 D2 0.01 1800 -0.9329 -630.6 33.55 6 
47 10.5 A2 0.018 B4 0.25 C3 0.15 D1 0 1200 -0.9476 -678.2 102 3 

48 10.5 A3 0.03 B4 0.25 C4 0.25 D2 0.01 1800 -0.9171 -462.7 18.25 8 
49 10.5 A4 0.05 B4 0.25 C1 0 D3 0.02 1800 -1.126 -992.9 249.6 2 

51 10.5 A4 0.05 B4 0.25 C3 0.15 D4 0.03 -1136.9 95.13 4 

52 10.5 A3 0.03 B2 0.09 C1 0 D4 0.03 1000 -1.289 -1249 237 2 

53 10.5 A4 0.05 B2 0.09 C4 0.25 D1 0 1000 -1.27 -824.6 8.714 9 
54 10.5 A2 0.018 B3 0.15 C3 0.15 D4 0.03 1000 -1.292 -1288 232.9 2 

55 10.5 A3 0.03 B3 0.15 C2 0.09 D1 0 1200 -1.303 -768.9 2.286 10 
56 9 A1 0 B1 0 C1 0 D1 0 1000 -1.1 -1049.2 12.54 8 

57 9 A1 0 B2 0.09 C4 0.25 D2 0.01 1000 -0.9061 -485.5 1.726 10 
58 9 A1 0 B3 0.15 C3 0.15 D3 0.02 -433.4 8.531 9 

59 9 A1 0 B4 0.25 C2 0.09 D4 0.03 1000 -1.01 -896.2 331.2 1 

60 9 A1 0 B4 0.25 C3 0.15 D4 0.03 4100 -0.918 -329.7 15.09 8 

61 9 A1 0 B4 0.25 C1 0 D4 0.03 1000 -1.148 -1058 146 3 

62 9 A2 0.018 B1 0 C2 0.09 D2 0.01 23850 -0.699 -519 1.111 10 

63 9 A2 0.018 B2 0.09 C1 0 D3 0.02 1800 -1.044 -740.3 45.69 6 

64 9 A2 0.018 B3 0.15 C4 0.25 D4 0.03 1800 -0.9096 -441 7.053 9 

65 9 A2 0.018 B4 0.25 C3 0.15 D1 0 1583 -0.891 -325.7 6.536 9 

66 9 A2 0.018 B3 0.15 C1 0 D4 0.03 1800 -1.085 -987.5 134.2 3 

67 9 A3 0.03 B1 0 C3 0.15 D3 0.02 1800 -0.6559 -293.2 2.941 10 

68 9 A3 0.03 B2 0.09 C2 0.09 D4 0.03 1800 -0.9611 -744.5 111.4 3 

69 9 A3 0.03 B3 0.15 C1 0 D1 0 1800 -1.06 -984.4 198.5 3 

70 9 A3 0.03 B4 0.25 C4 0.25 D2 0.01 1800 -0.9232 -319.1 4.822 10 

71 9 A4 0.05 B1 0 C4 0.25 D4 0.03 1800 -0.773 -268.8 3.055 10 

72 9 A4 0.05 B2 0.09 C3 0.15 D1 0 1800 -0.897 -312.6 4.441 10 

73 9 A4 0.05 B3 0.15 C2 0.09 D2 0.01 1800 -0.967 -407 4.141 10 

74 9 I    A4 0.05 B4 0.25 C1 0 D3 0.02 1800 -1.095 -1001 321.6 1 

14 



CONCLUSIONS 

The lithium salts passivate aluminum. They can be a viable substitute for chromium in 
corrosion preventive systems. They can be used in small quantities as a pigment substitute. The 
aluminum-lithium provides a base for minimal amounts of corrosion inhibitors as nanostructural cores 
or bases of other systems. 

Two patent applications are being prepared and two more are planned and will be pursued 
if data supports the theory. 

Delays due to flooding in the city and equipment problems have caused the schedule to slip 
about three months, however, when the work proceeded as planned, the results continued to be 
positive. 

Since the scope of this project is limited to demonstration of a suitable system, the goal is still 
achievable. 
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RECOMMENDATIONS 

(1) Continuing Pigments 
The fundamental goal is to find the optimum pigments. Many possibilities exist. 
Experimental data will be continuously gathered. 

Proposed: 

1. Electrochemical Tests of Promising Systems 
(a) Determination of corrosion rates by polarization resistance and Tafel-slope 

measurements; 
(b) Cyclic polarization tests to determine pitting and protection potentials. 

2. Optical and Scanning Electron Microscopy for characterization of the morphology and 
adherence of passive film. 

3. Energy Dispersive X-ray Analysis for characterizing the chemical nature of the passive 
film. 

(2) Argon Oven 
An argon oven will be used to generate Lithium-rich surfaces. 

(3) Surface Analysis 
Surfaces will be analyzed to verify the results. Various reactants will be added to the lithium 
at the surface. 

(4) Formulate Simple Paint 

Pigments will be produced in the Argon Oven with subsequent reactions on the surface. A 
simple latex paint will be made and extensive tests at EuroNavy USA will be planned with 
Navy coordination. 

(5) Reports 
Reports will be prepared as indicated on the schedule. 
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diffraction"; P. Holdway, A. W. Bowan (1989). 

(2) "On the Mechanical Properties and Stress Corrosion Resistance on Ternary Al-Cu-Li and 
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(20) "Cathodic Protection of Aluminum in Sea Water," R. Gundersen and K. Nisancioglu 
(1990). 

(21) "The Use of Soluble Corrosion Inhibitors for Aluminum Alloys," T.M. Salem, J. Horvath 
and P.S. Sidky. 

(22) "Corrosion of Aluminum in NaCl Solutions - II Cathodic Protection," R. Narayen and 
K.P. Sheriff, Dept. of Chemistry, H+ Madras, India (1990) 

(23) "Corrosion Control", R. Heidersbach and J. Smart (1988) 

(24) "Navy Corrosion Overview", A.G.S. Morton, David Taylor Navy Center (not dated). 

Some 60 papers have been ordered and received and studied. It will take some time to digest all 
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APPENDIX  A 
This data rates the passivators from one to ten 
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APPENDIX  B 

This set of curves established the open circuit potential (OCP) and indicates the passivation 
current level. Very low current flow is desired. A log scale is used for greater accuracy of 
current flow. 



Model 352/252 Corrosion Analysis Software, 
Filename:   c:\m352\data\#34B 
PD POTENTIODYNAMIC 
Time Run:   15:31:02 
CP  PASS vs. R 
FP    0.000 vs. R 
ST   6.024E+00 
FL  I/E 
AR   1.000E+00 
DEN  0.000E+00 

Pstat':  M2G3AC70] ver 210. #A2G37*? 

Fi 1 e Status:  NORMAL Date Run:   12-05-7t> 

TT PASS IP   -1.700 vs. R ID PASS 
SI 
CR 
RT 

1.000E-03 
AUTO 
HIGH STABILITY 

SR   1.660E-04 
NP  1701 
REF 0.00000 User 

IR 
URK 

NONE 
SOLID 

1 S NO EW   0.000E+00 
AU NO OC  -1.18e 

#34B 

0. 400 

#34b A1B1C1D1 AI6061 DU PH=10.5 

i—rrr T i—rr" TT T 1   I   I I I I 1 1    I   I   I  I I I 

0. 000 

-0.400 

~      -0.800 
Ul 

-1.200 

■1.600 

-2.000 
I I       I     I    I   I   I  I I j I       I     I    I   I   1  1 I 

-6 -5 

I/area    CA/cm"2) 

-4 

10" 

FIGURE B-l 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#35B 
PD POTENTIODYNAMIC 
Time Run:   17:32:32 

v.    2.23 
Pstat:  M263AC90] Uer 210, 

CP 
FP 
ST 
FL 
AR 
DEN 

-1.800 vs. 
0.000 vs. 

6.024E+00 
I/-E 
1.000E+00 
0.000E+00 

R 
R 

Fi i e Status:  NORMAL Date Run:  12-06 

CT 300 IP   -1.800 vs. 
SI 1.000E-03 SR   1.660E-04 
CR AUTO NP  1801 
RT HIGH STABILITY REF 0.00000 User 
LS NO EU   0.000E+00 
AU NO OC  -1.314 

#A2637<? 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

*35B 

A1B2C4D2 AI6061 PH=10.5 

0. 400 

0. 000 

-0.400 

-0.800 

-1.200 

•1.600 

I I 

-2.000 J L 
-4 -3 

I/area    (A/cm~2) 10r 

FIGURE B-2 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\da+a\#36RB 
PD POTENTIODYNAMIC 
Time Run:  18:44:03 

v.    2.23 
Ps+at:  M263A[90] Ver 210. #A2637? 

CP -1.400 vs. R 
FP 0.000 vs. R 
ST G.024E+00 
FL I/E 
AR 1.000E+00 
DEN 0.000E+00 

CD 

Fi 1 e Status:  NORMAL □ate Run:   12-25 

TT 300 IP   -1.400 vs. 
ST 1.000E-03 SR   1.S60E-04 
TR AUTO NP  1401 
RT HI6H STABILITY REF 0.00000 User 
1 S NO EU   0.000E+00 
All NO OC  -0.915 

100. 0 

-100.0 

-300.0 

-500.0 

5      -700.0     

ui 

-700.0 

-1100.0 

-1300.0 

TT1 TTTTTTIT 

ID      PASS 

IR  NONE 
WRK SOLID 

A1B3C3D3 A160G1 PH=10.5 U    ith NZ 

TTTTTTT rmnr i iniiii mur 

mill    i i mini    i i mini    iniillll    lllllllll    lllllllll    I LUllill—LJ-LUliil—i.J_liJliJ!—i-i-i-^iu 
-6 -5 -4 -3 •1500. 0   '—LJ-i -, 

-14 -13 -12 -11 -10 -f "8 "7 

mill     !   ! i !!!!! 

I/area    (A/cm*2) 10' 

FIGURE B-3 



tlode I 352/252 Corrosion Ana I us 
Filename:   c:\m352\data\#37B 
PD POTENTIODYNAMIC 
Time Run:  1?:14:23 
CP 
FP 
ST 
FL 
AR 
DEN 

-1 .500 vs. 
0.000 vs. 
6.024E+00 

I/E 
1 .000E + 00 
0.000E+00 

R 
R 

File Status: 

s Softuare. v.    2.23 
Pstat:  M263AI90] ver 210, »A2637? 

NORMAL  Date Run:   12-14-95 

CT 300 IP -1.500 vs. 
SI   1.000E-03 SR 1.660E-04 
CR AUTO NP 1501 
RT HI6H STABILITY 
Lg NO EU 0.000E+00 
AU NO OC -0.957 

REF 0.00000 User 

ID  PASS 

IR  NONE 
WRK SOLID 

#37B 

E 

200.0 

0. 0 

-200.0 

-400.0 

-600.0 

W  -800.0 

-1000.0 

-1200.0 

-1400.0 

A1B4C2D4 AI6061 PH=10.5 

i iiiiiiii  i iiiiiiii  i iiiiiiii  i imini  i i i  i iiiimi  i ii 1  i ii 1  i  -      i 

-1600.0 
-14 

i 11 mill   i i mini   i iiiiiiii   i i il   i ilium   I IIIIIIII   l IIIIIIII   I IIIIIIII   I llll 
-10 -9 -8 -7 -6 -5 

I/area   (A/cm"2) 
-13 -12 ■11 

10" 

FIGURE B-4 



Model 352/252 Corrosion Analysis Software 
Filename:  c:\m352\data\#38B 
PD POTENTIODYNAMIC 
Time Run:  17:46:40 
CP 
FP 
ST 
FL 
AR 
DEN 

-1.700 vs. 
0.000 vs. 

6.024E+00 
I/E 
1.000E+00 
0.000E+00 

File Status: 

Vpstat': ~M263A[?03 Uer 210. »A26379 
NORMAL  Date Run:   12-15-95 

CT 300 IP 
SI 1.000E-03 SR 
CR AUTO NP 
RT HI6H STABILITY REF 
LS NO EW 
AU NO OC 

-1.700 vs. R 
1.6B0E-04 

1701 
0.00000 User 
0.000E+00 

-1.149 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

#38B 

A2B1C2D2 AI60B1 PH=10.5 

0. 400 

0. 000 

-0.400 

-0.800 

•1.200 

■1.600 

-2.000 XL I    MM _LL 

-6 -5 

I/area    (ft/cm"2) 

-3 -2 

10" 

FIGURE B-5 



Model 352/252 Corrosion Analysis Softuare, 
Filename:  c:\m352\data\#39B 
PD POTENTIODYNAMIC 
Time Run:  16:40:22 
CP -1.400 vs. R 
FP 0.000 vs. R 
ST G.024E+00 
FL I/E 
AR 1.000E+00 
DEN 0.000E+00 

___ on 

100. 0 

-100.0 

-300.0 

-500.0 

:> 
5      -700.0 

in 

-900.0 

-1100.0 

-1300.0 

-1500.0 

i   r 

Fi 1 e Status:  NORMAL 

CT 300 
SI 1.000E-03 
CR AUTO 
RT HIBH STABILITY 
LS NO 
All NO 

v.    2.23 
Pstat:  M263A.90] Wer 210, 
Date Run:  12-16-95 

#A26379 

IP   -1.400 vs. f 
SR   1.660E-04 
NP  1401 
REF 0.00000 User 
EU   0.000E+00 
OC  -0.880 

A3B1C3D3 AI6061 PH=10.a 

ID  PASS 

IR  NONE 
WRK SOLID 

1—TT IT i   ! ii i mi i    I   I  I I I I 

.1-1.1.1 linL 
-8 -7 

• 

_L_L_LL1U L J l_J__J.JJ_U.i-- 
-6 "5 

I/area    (A/cm~2. 

___JU_1_ L  
-4 -3 

10" 

FIGURE B-6 



Model 352/252 Corrosion Analysis Software, 
Filename:   c:\m352\data\#40B Ps + at': "M263A[701 Uer 210. «A26379 
PD POTENTIODYNAMIC Fi 1 e Status:  NORMAL Date Run:  12-17-95 
Time Run:   10:44:44 
CP   -1.300 vs. R CT 300 IP   -1.300 vs. R ID PASS 
FP    0.000 vs. R SI 1.000E-03 SR   1.660E-04 
ST   6.024E+00 CR AUTO NP  1301 IR NONE 
FL  I/E RT HIBH STABILITY REF 0.00000 User UIRK SOLID 
AR   1.000E+00 LS NO EU   0.000E+00 
DEN  0.000E+00 AU NO OC  -0.783 

200. 0 

#40B 

"1   I  I I I I I l| 

A4B1C4D4 ALE061 PH=10.5 

I    MIIIM 1      I    I   I   I I ! II I    II  I I III I    I   I  I TTT| 

0. 0 

-200.0 

-400.0 

:> 
5      -600.0 

UJ 

-800.0 

-1000.0 

-1200.0 

■1400.0 1       Ill I      I I   I  I I I II L _LLL Mill i i_L 

-7 -6 "5 

I/area    (A/cm'2) 

-3 

10' • 

FIGURE B-7 



Model 352/252 Corrosion Analysis Softuare, 
Filename:   c:\m352\data\#41B 

2. 23 

PD POTENTIODYNAMIC 
Time Run:  16:35:53 
CP 
FP 
ST 
FL 
AR 
DEN 

-1.500 vs. 
0.000 vs. 

6.024E+00 
I/E 
1.000E+00 
0.000E+00 

R 
R 

File Status: 
Pstat: M263AE90] Uer 210. #A26379 

NORMAL  Date Run: 12-17-95 

CT 300 IP 
SI   1.000E-03 SR 
CR AUTO NP 
RT HISH STABILITY 
LS NO EW 
AU NO OC 

-1.500 vs. R 
1.660E-04 

1501 
REF 0.00000 User 

0.000E+00 
-1.070 

ID  PASS 

IR  NONE 
WRK SOLID 

#41B 

E 

200.0 

0. 0 

-200.0 

-400.0 

-G00.0 

-800.0 

-1000.0 

-1200.0 

-1400.0 

-1600.0 

A2B2C1D3   AI6061    PH=10.5   With   N2 

I     I    I 

I/area   (A/cm'Z) 

FIGURE B-8 



Model 352/252 Corrosion Analysis Software, 
Filename:  c: \m352\data\#42B 
PD POTENTIODYNAMIC 
Time Run:  20:42:04 
CP -1.500 vs. R 
FP 0.000 vs. R 
ST 6.024E+00 
FL I/E 
AR 1.000E+00 
DEN 0.000E+00 

File Status: 
Pstat":  M263A[901 Wer 210. 

NORMAL  Date Run:   12-17-95 
#A26379 

CT 300 IP 
SI 1.000E-03 SR 
CR AUTO NP 
RT HIGH STABILITY 
LS NO EU 
AU NO OC 

-1.500 vs. F 
1.660E-04 

1501 
REF 0.00000 User 

0.000E+00 
-0.968 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

«42B 

E 

200. 0 

8.8 - 

-200.0 

-400.0 

-600.0 

W  -800.0 

-1000.0 

-1200.0 

■1400.0 

■1600.0 

A3B2C2D4 AI6061 PH=10.5 With U2 

i—!  nun H" i   i i i 11in "1—I   I  I I III! 1—I   I  I I Hi 

I/area    <A/cm"2) 

FIGURE B-9 



Model 352/252 Corrosion Analysis Software, 
Filename:  c: \n>352\data\#43B 
PD POTENTIODYNAMIC 
Time Run:  18:12:46 
CP -1.400 vs. R 
FP 0.000 vs. R 
ST G.024E+00 
FL I/E 
AR 1.000E+00 
DEN 0.000E+00 

«f A ■JB 

File Status:  NORMAL 

CT 300 
SI   1.000E-03 
CR AUTO 
RT HIGH STABILITY 
LS NO 
AU NO 

v.    2.23 
Pstat:  M2B3AI90] Ver 210, 
Date Run:  12-21-75 

#AZ637? 

IP   -1.400 vs. F 
SR   1.660E-04 
NP  1401 
REF 0.00000 User 
EU   0.000E+00 
OC  -0.872 

10  PASS 

IR  NONE 
URK SOLID 

100.0 

-100.0 

-300.0 

-500.0 

5      -700.0 

ui 

-900.0 

-1100.0 

-1300.0 

I  I I iiiiii i i hull     i  i i IIIIII     i  i i in 

A2B3C4D4 AI6061 PH=10.5 With N2 

HI    i ! i iiiiii    I i i iiiiii    i i i iiiiii    rTTTTnT 

■1500.0 
1   i 11inn!   i i mini   i i mml   i mini!   i iiiiml   i i mini   I nimil   i nuiliL_LU 

-14 -13 -12 ■11 ■10 -9 -8 -7 -e 

I/area    (A/cm"2) 10' 

FIGURE B-10 



Model 352/252 Corrosion Analysis So-Ftuiare. 
Filename:  c:\m352\data\#44B 
PD POTENTIODYNAMIC 
Time Run:   15:41:4? 
CP 
FP 
3T 
FL 
AR 
DEN 

■1.400 vs. 
0.000 vs. 

6.024E+00 
I/E 
1.000E+00 
0.000E+00 

R 
R 

Fi 1 e Status:  NORMAL Date Run:  12-22 

CT 300 IP   -1.400 vs. 
ST 1.000E-03 SR   1.6G0E-04 
CR AUTO NP  1401 
RT HIGH STABILITY REF 0.00000 User 
1 S NO EU   0.000E+00 
AU NO OC  -0.904 

Pstat- ~M2S3A[90] Ver 210, #A26379 
95 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

#44B 

100. 0 

-100.0 

-300.0 

-500.0 

S      -700.0 

-900.0 

-1100.0 

-1300.0 

A4B2C3D1 AIG061 PH=10.5 With N2 

Ml!!!!!    I lllilii!    I 11111111    I I !! liiiiiii    I I Mil!!' 

■1500.0 1   i i mini   i   Mini!   i i mini   i niiiiil   i niiiiil   i iiimil    il   i liiiiiii   I I mini   i lUiiiil   I 1111:111   ' n 
-14 -13 -12 -11 -10 -9 -8 -7 -S 

I/area    (A/cm"2) 

Hllii    | i ! |;ir 

-5 -4 -3 -2 -1 

10n 
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FIGURE B-ll 



Model 352/252 Corrosion Analysis Software, 
Filename:   c:\m352\data\#45B 
PD POTENTIODYNAMIC 
Time Run:  21:58:13 

File Status: 

v.    2.23 
Pstat:   M263AE903 Wer 210. 

NORMAL  Date Run:   12-24-95 

CP 
FP 
ST 
FL 
AR 
DEN 

-1.720 vs. 
0.000 vs. 

6.024E+00 
I/E 
1.000E+00 
0.000E+00 

#A26379 

CT 300 IP 
SI    1.000E-03 SR 
CR AUTO NP 
RT HIGH STABILITY REF 
LS NO EW 
All NO OC 

-1.720 vs. R 
1.GB0E-04 

1721 
0.00000 User 
0.000E+00 

-1.213 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

#45B 

0. 400 

0. 000 

-0.400 

-0.800 1— 

•1.200 

•1.G00 

-2.000 

A3B3C1D1 AI6061 PH=10.5 With N2 

1 1 MINI 

FIGURE B-12 



Model 352/252 Corrosion Analysis Software 
Filename:   c:\m352\data\#46B 
PD POTENTIODYNAMIC 
Time Run:  01:5B:51 
CP 
FP 
ST 
FL 
AR 
DEN 

-1.450 vs. 
0.000 vs. 

E.024E+00 
I/E 
1.000E+00 
0.000E+00 

R 
R 

File Status: 

v.    2.23 
Pstat:  M263A[V0] ver 

NORMAL  Date Run:   12-25-95 

CT 300 IP 
SI 1.000E-03 SR 
CR AUTO NP 
RT HIGH STABILITY REF 
LS NO EU 
AU NO OC 

-1.450 vs. F 
1.6G0E-04 

1451 
0.00000 User 
0.000E+00 

-0.925 

210. #A2637"? 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

»46B 

200.0 

0. 0 

-200.0 

-400.0 

-G00.0 

Uli!!!    1 llllllll    i t L M III!    I Mil 

W      -800.0 

-1000.0 

-1200.0   r 

-1400.0 

A4B3C2D2   AI6061   PH=10.5   With   N2 

il  i iiiiiiii  i iiiiiiii  i iiiiiiii  i inn TTTTT TTTTT IIIIIIII    I I llllll!    I I MlllH 

_l 

-1600.0 
i iiiiinl   i uiiiiii   i IIIIIIII   i iiiiiiii   i iiiiiiii   i IIIIIIII   i IIIIIIII   i i mini   i iiiiiiii   i i mini   i i mini   \ iiiiiiii   i ü'^ 

•14 -13 -12 -11 -10 -9 -8 -7 -G 
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(lode I 352/252 Corrosion Analysis Software, 
Filename:   c:\m352\data\#47B 
PD POTENTIODYNAMIC 
Time Run:   17:48:57 
CP 
FP 
ST 
FL- 
AP. 
DEN 

■1.450 vs. 
0.000 vs. 

6.024E+00 
I/E 
1.000E+00 
0.000E+00 

R 
R 

File Status: NORMAL 

CT 300 
SI    1.000E-03 
CR AUTO 
RT HIBH STABILITY 
LS NO 
All NO 

'.    2.23 
Pstat:   M263At90] Ver 210, #A26379 
Date Run:   12-24-95 

IP -1.450 vs. R 
SR 1.660E-04 
NP 1451 
REF 0.00000 User 
EU 0.000E+00 
OC -0.942 

ID  PASS 

IR 
URK 

NONE 
SOLID 

#47B 

200.0 

0. 0 

-200.0 

-400.0 

^      -600.0   

6 

w  -800.0 

-1000.0 

-1200.0 

-1400.0 

•1600.B 
-8 

A2B4C2D1 AI6061 PH=10.5 With N2 
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-7 -6 -5 -4 -3 -2 

I/area    (A/cm"2) 
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FIGURE B-14 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#48B 
PD POTENTIODYNAMIC 
Time Run:  09:32:01 
CP -1.400 vs. R 
FP 0.000 vs. R 
ST 6.024E+00 
FL I/E 
AR 1.000E+00 
DEN 0.000E+00 

on 

100.0 

-100.0 

-300.0 

-500.0 

^  -700.0 

LÜ 

-900.0 

-1100.0 

-1300.0 

Mil!!!! I III! 

-1500.0 

File Status: NORMAL 
Pstat':  M2G3AC90] Ver 210. #A2637? 
Date Run:   12-25-95 

CT 300 
SI   1.000E-03 
CR AUTO 
RT HIGH STABILITY 
LS NO 
AU NO 

I lllllll| 

ip 
SR 
NP 

-1.400   vs. 
1.660E-04 

1401 
REF 0.00000 User 

ID  PASS 

IR  NONE 
WRK SOLID 

EU 
OC 

0.000E+00 
-0.906 

A3B4C4D2 AIG061 PH=10.5 With NZ 

TTTTTTT TTTTTnr 

LiJJiiiuLJjJiiiiiLjJiiiüiL i 11 mill  iiiiiml  ii i mill  IJIIIIH1 

■14 ■13 -12 -11 ■10 -9 -8 

I/area    (A/cm'2) 

i i mm!   ! i Müiii   i i iiiiü! 
7 -6 -5 -4 

10" 
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FIGURE B-l 5 



Model 352/252 Corrosion Analysis Software, 
Filename:   c:\m352\data\#4?B 
PD POTENTIODYNAMIC 
Time Run:   13:23:00 
CP 
FP 
ST 
FL 
AR 
DEN 

-1.50B vs. 
0.000 vs. 

6.024E+00 
I/E 
1.000E+00 
0.000E+00 

File Status: NORMAL 

CT 300 
SI    1.000E-03 
CR AUTO 
RT HIGH STABILITY 
LS NO 
AU NO 

2.23 
Pstat:   M263AI90] Ver 
Date Run:   12-25-75 

IP   -1.500 vs. R 
SR   1.660E-04 
NP 1501 
REF 0.00000 User 
EU   0.000E+00 
OC -1.107 

210. #A26379 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

#4?B 

A4B4C1D3 AIG061 PH=10.5 With N2 

3 
E 

200.0 

0.0 

-200.0 

-400.0 

-600.0 

W       -800.0 

-1000.0 

■1200.0 

-1400.0 

1600.0 

I/area (ft/cm"2) 

FIGURE B-l 6 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#51B 
PD POTENTIODYNAMIC Fi 1 e Status:  NORMAL 
Time Run:  15:36:3? 
CP   -1.600 vs. R CT 300 
FP    0.000 vs. R SI 1.000E-03 
ST   6.024E+00 CR AUTO 
FL  I/E RT HIGH STABILITY 
AR   1.000E+00 LS NO 
DEN  0.000E+00 AU NO 

v.    2.23 
Pstat:  M2B3AI903 Ver 210, 
Date Run:  01-12-76 

#A26379 

IP -1.600 vs. F 
SR 1.660E-04 
NP 1601 
REF 0.00000 User 
EU 0.000E+00 
OC -1.223 

ID  PASS 

IR  NONE 
URK SOLID 

E 

100.0 

-100.0 

-300.0 

-500.0 

-700.0 

W      -?00.0      

•1100.0 

-1300.0 

-1500.0 

-1700.0 i    i  i ii nil       i    i  i i i ml i I  i i i nil I I  I I I n 

l/area    CA/cm"2) IB' 

FIGURE B-l 7 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#52B 

v.    2.23 
Pstat:  M263AI90] Wer 210,    »A26379 

PD POTENTIODYNAMIC Fi 1 e Status:  NORMAL Date Run:  01-05-76 
Time Run:  17:26:16 
CP  PASS vs. R CT PASS IP   -1.700 vs. R ID PASS 
FP    0.000 vs. R SI 1.000E-03 SR   1.660E-04 
ST   6.024E+00 CR AUTO NP  1701 IR NONE 
FL  I/E RT HIGH STABILITY REF 0.00000 User URK SOLID 
AR   1.000E+00 LS NO EU   0.000E+00 
□EN  0.000E+00 AU NO OC  -1.305 

#52B 

0. 400 1      i    I   I  I III "I      I    I   I   I I II "1 1    I   I  I I III 1 1    I   I  I I II 1      I    I   I  I 

0. 000 

-0.400 

-0.800 

-1.200 

-1.600 

-2.000 I      I    I   I Nil i    i  i ii nil i i i nil Uli 

-7 -4 

I/area    (A/cm"2) 

-3 -2 
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Model 352/252 Corrosion Analysis Software 
Filename:   c:\m352\data\#53BAL60 
PD POTENTIODYNAMIC 
Time Run:   11:19:55 
CP 
FP 
ST 
FL 
AR 
DEN 

-1.500 vs. 
0.000 vs. 
6.024E+00 

I/E 
1.000E+00 
0.000E+00 

R 
R 

File Status: 
Pstat":   M263A[901 Uer 210, #A2637"? 

NORMAL  Date Run:  01-06-96 

CT 300 IP 
SI 1.000E-03 SR 
CR AUTO NP 
RT HIGH STABILITY REF 
LS NO EW 
AU NO OC 

-1.500 vs. F 
1.660E-04 

1501 
0.00000 User 
0.000E+00 

-1.252 

ID  PASS 

IR  NONE 
WRK SOLID 

»53BAL60 

200. 0 

0. 0 

-200.0 

-400.0 

„      -600.0 

E 

w     -800.0 

-1000.0 

-1200.0 

-1400.0 

-1600.0 

1       I     I   I   I I III "1 1   I   I I INI I   I   I I I Hi 1     I    II I I III i i ii mi      r 

I    I   I III I      I    I   I lllil I I    I   I I II 

I/area   <A/cm~2> 10' 

• 

FIGURE B-19 



Model 352/252 Corrosion Analysis So-ftuare, 
Filename:  c:\m352\da+a\#54B 

v.    2.23 
Pstat:  M263AI90] Uer 210, *A26379 

PD POTENTIODYNAMIC F i • Status:  NORMAL Date Run:  Si-33-To 
Time Run:  08:54:29 
CP  PASS vs. R CT PASS IP   -1.700 vs. R ID PASS 
FP    0.000 ve. R SI 1.000E-03 SR   1.660E-04 
ST   S.024E+0S CR AUTO NF  1701 IR NONE 
FL  I/E RT HIGH STABILITY REF 0.00000 User WRK SOLID 
AR   1.000E+00 LS NO EU   0.000E+00 
DEN  0.000E+00 AU NO OC  -1.291 

#54B 

0. 400 

0. 000 

-0.400 

-0.800 

-1.200 

-1.600 

i   i  i i i nil TT "1—I   I  II Mil I   MINI ~l—I   I  I I I III 

-2.008 i      I    I   i  i i ill 

-7 -6 -1 

I/area    CA/cm"2) 10' 

FIGURE B-20 



Model 352/252 Corrosion Ana I asis Sof + uare 
Filename:  c:\m352\data\#55BAL60 
PD POTENTIODYNAMIC 
Time Run:  22:01:17 
CP 
FP 
ST 
FL 
AR 
DEN 

-1.500 vs. 
1.G00 vs. 

B.024E+00 
I/E 
1.000E+00 
0.000E+00 

R 
R 

File Status: 
Pstat":  M263AE90J ver 

NORMAL  Date Run:  01-05-95 

CT 300 IP 
SI   1.000E-03 SR 
CR AUTO NP 
RT HIGH STABILITY REF 
LS NO EW 
AU NO OC 

-1.500 vs. F 
1.6G0E-04 

3101 
0.00000 User 
0.000E+00 

-1.284 

210, #A2637? 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

»55BALG0 

E 

1800.0 

1400.0 

1000.0 

600. 0 

200. 0 

W  -200.0 

-600.0 

i   i i i inn 1   i i i HIM 1   i i i iiiij     r i i i mil     riii MM]     (IN MIIJ     TTT 

-1000.0 

-1400.0 

I 

-1800.e 
-f 

U L i i i i mi      i   i i 11 mi I I i 11 mi 1—u_ 
-a -7 -6 -5 

I/area    (A/cm"2> 

II I L 

10' 
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Mod 
F i Iename: 

I 352/252 Corrosion Analysis Software, 
c:\m352\data\#56B 

v.    2.23 
Ps+at:  M263A[90] Ver 

PD POTENTIODYNAMIC 
Time Run:  19:53:58 
CP 
FP 
ST 
FL 
AR 
DEN 

-1.600 vs. 
1.600 vs. 

G.024E+00 
I/E 
1.000E+00 
0.000E+00 

Fi 1 e Status:  NORMAL Date Run:  01-12 

CT 300 IP   -1.600 vs. 
SI 1.000E-03 SR   1.660E-04 
CR AUTO NP  1800 
RT HI6H STABILITY REF 0.00000 User 
1 S NO EW   0.000E+00 
AU NO OC  -1.061 

210,    #A2637? 

ID      PASS 

IR 
UIRK 

NONE 
SOLID 

#56B 

6 

600. 0 

200.0 

-200.0 

-600.0 

-1000.0 

1400.0 

-1800.0 

FIGURE B-22 



Model 352/252 Corrosion Analysis Sof+uare, 
Filename:  c:\m352\data\#57B 
PD POTENTIODYNAMIC 
Time Run:   13:02:20 
CP  PASS vs. R 
FP    0.000 vs. R 
ST   6.024E+00 
FL  I/E 
AR   1.000E+00 
DEN  0.000E+00 

Status: NORMAL 

2.23 
Pstat:  M263AC90] Wer 213. 
Date Run:   01-14-96 

#A26379 

#57B 

100. 0 

-100.0 

-300.0 

-500.0 

S      -700.0 

w 

-900.0 

-1100.0 

-1300.0 

-1500.0 

CT 
SI 
CR 
RT 
LS 
All 

PASS 
1 .000E-03 

AUTO 
HIGH STABILITY 
NO 
NO 

IP -1.400 vs. F 
SR 1.6E0E-04 
NP 1401 
REF 0.00000 User 
EU 0.000E+00 
OC -0.889 

ID  PASS 

IR  NONE 
WRK SOLID 

I imini  i i!inii|   i imm!  i in mum   i i nun]   i muni n i mini   i iniiiii   i iiiniil   i 111IMII   i niini|   i iiii 

i    i i mini    I I lllllll    i i mini     1    MIHIIll    1 llHUii—L-LilAllli—L-LLlilili— 
14 -13 -12 -11 -10 "9 ~8 ~7 ~e 

I/area    (A/cm~2) 

lJJJilli L_LUlUii LLUllUl LLLiliiH    Mill); 

10' 
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Model 352/252 Corrosion Analysis Sof+uare, 
Filename:  c:\m352\da+a\#58B 
PD POTENTIODYNAMIC 
Time Run:  17:18:15 
CP  PASS vs. R 
FP    0.000 vs. R 
ST   E.024E+00 
FL  I/E 
AR   1.000E+00 
DEN  0.000E+00 

File Status: 

v.    2.23 
Ps+at:  M2E3A190] Uer 210. #A2637? 

NORMAL  Date Run:  01-15-9S 

CT PASS IP 
SI   1.000E-03 SR 
CR AUTO NP 
RT HI6H STABILITY 
LS NO EW 
AU NO OC 

-1.400 vs. F 
1.660E-04 

1401 
REF 0.00000 User 

0.000E+00 
-0.854 

ID  PASS 

IR 
WRK 

NONE 
SOLID 

#58B 

100. 0 

-100.0 

-300.0 

-500.0 

5       -700.0 

ÜJ 

-700.0 

-1100.0 

-1300.0 

A1B3C3D3 AIS0B1 PH=10.5 U i+h N2 

i i mini   i iiiiiiij   i i mini   i i iiiiij   i ÜÜIII!   i i niiiij   i i niiii 

-1500.0 i ■ i' mi!    I   i i IIIIIII   miiinii   i  il   i i mini   iniiml    I   i i mini   iiiiiim   iiiiimi   iiiiiiiii 
■14 -13 -12 -11 -10 -9 -8 -7 -6 -5 

I/area    (A/,cm~2) 

-3 -2 -1 

10n 

FIGURE B-24 



Model 
F i Iename: 

352/252 Corrosion Analysis Software 
c:\m352\data\#58B 

PD POTENTIODYNAMIC 
Time Run:   17:18:15 
CP  PASS vs. R 
FP    0.000 vs. R 
ST   G.024E+00 
FL  I/E 
AR    1.000E+00 
DEN  0.000E+00 

File Status: 

V'Pstat":   M263AC901 Uer 210, #A26379 
NORMAL  Date Run:   01-15-96 

CT PASS IP 
SI 1.000E-03 SR 
CR AUTO NP 
RT HIGH STABILITY 
LS NO EW 
AU NO OC 

-1.400 vs. F 
1.660E-04 

1401 
REF 0.00000 User 

0.000E+00 
-0.854 

ID  PASS 

IR 
URK 

NONE 
SOLID 

#58B 

A1B3C3D3 AI60G1 PH=10.5 U    ith N2 

E 
U 
\ 
<x 
E 

« 
01 
L 
10 
\ 

4.00 

0. 00 

-4.00 

-8. 00 

-12.00 

-IB.00 

-20.00 
•1500.0 -1300.0 -1100.0 -900.0 -700.0 

E CmV) 

-500.0 -300.0 ■100.0 100.0 

FIGURE B-25 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#59A 
EC ECORR VS. TIME 
Time Run:  20:27:51 
TP   5.000E+00 
RT  HIBH STABILITY 
AR   1.000E+00 
DEN  0.000E+00 

File Status: 

v.    2.23 
Pstat:  M263AC90] Wer 210, 

NORMAL  Date Run:  01-20-96 
#A26379 

Tl   1.000E+03 
REF 0.00000 User 
LS  NO 
AU  NO 

NP      200 
WRK   SOLID 
EU 0.000E+00 
OC      -1.302 

SO      Pass 

#59A 

-0.960 

■1.000 

■1.040 

-1.080 

-1.120 

-1.160 

-1.200 

■1.240 

■1.280 

-1.320 
■100.0 100. 0 900. 0 1100.0 

FIGURE B-26 



Model 352/252 Corrosion Analysis Sof+uare, 
Filename:  c:\m352\data\#59B 
PD POTENTIODYNAMIC 
Time Run:   1?:20;83 
CP  PASS vs. R 
FP    0.000 vs. R 
ST   B.024E+00 
FL  I/E 
AR   1.000E+00 
DEN  0.000E+00 

-.    2.23 
Pstat:  M2S3AE903 Yer 210, »A2637? 

Fi 1 e Status:  NORMAL Date Run:  01-1S-9S 

<~T PASS IP   -1.300 vs. R ID PASS 

ST 1.000E-03 SR   1.660E-04 
rp AUTO NP  1301 IR NONE 
RT HIGH STABILITY REF 0.00000 User WRK SOLID 

1 s NO EU   0.000E+00 
AU NO OC  -1.042 

#59B 

200.0 

0.0 

-200.0 

#59alb4c2d4   PH=9 

I     MINI i—r MM! 1 1    I   I   I I I II 

-1400.0 

I/area    (A/cu"2) 

FIGURE B-27 



Mode I 352/252 Corrosion Analysis Software, 
F i Iename: 
PD POTENTIODYNAMIC 
Time Run:   09:18:41 
CP  PASS vs. R 
FP     1.600 vs. R 
ST   G.024E+00 
FL  I/E 
AR    1.000E+00 
DEN  0.000E+00 

c: \n>352\data\#60B 
File Status: 

CT PASS 
SI 1.000E-03 
CR AUTO 
RT HISH STABILITY 
LS NO 
AU NO 

2.23 
Pstat:   M263AI90] Ver 210, #A2637? 

NORMAL  Date Run:  01-21-9G 

IP   -1.S00 vs. R 
SR    1.660E-04 
NP 3201 
REF 0.00000 User 
EU 0.000E+00 
OC  -1.320 

ID  PASS 

IR  NONE 
URK SOLID 

#B0B 

#60B AIB061 PH=8.5 without N2 

1800.0 

1400.0 

1000.0 

600.0 

200.0 

-200.0 

-600.0 

■1000.0 

-1400.0 

IÜIII!    I Ml!!!!!    I ! Ill 

-1800.0 

rTTTTTT TTTTT1 TT TTTI 

i 11 HIHI   i 11mill   i i mini   i i mini   i iniiiil   i i mini   i i nun!   i 111 
-14 -13 -12 -11 -10 -V -8 -7 -6 

I/area   <ft/cin"2) 10- 

FIGURE B-28 



Model 352/252 Corrosion Analysis Software, 
F i Iename:  c:\m352\data\#60A 
EC ECORR US. TIME 
Time Run:  08:05:08 
TP   2.500E+01 
RT  HIGH STABILITY 
AR    1.000E+00 
DEN  0.000E+00 

File Status:   NORMAL 

Tl 5.000E+03 
REF 0.00000 User 
LS NO 
AU NO 

Pstat":   M263AI90] Wer 210, 
Date Run:   01-21-96 

#A2637? 

NP 1B4 
URK SOLID 
EU 0.000E+00 
OC -1.320 

SO  Pass 

#B0A 

-0.875 

-0.925 

-0.975 

-1.025 

•1.075 

-1.125 

-1.175 

-1.225 

-1.275 I  

-1.325 
-0.250 0.250 

xl0" 
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Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#60B Pstat":  M263A[901 Wer 210, #A2637? 
PD POTENTIOOYNAMIC 
Time Run:  09:18:41 
CP PASS vs. R 
FP 1.600 vs. R 
ST 6.024E+00 
FL I/E 
AR 1.000E+00 
DEN 0.000E+00 

Fi e Status:   NORMAL □ate Run:  01-21-96 

CT PASS IP   -1.600 vs. R ID PASS 
ST 1.000E-03 SR    1.660E-04 
TR AUTO NP  3201 IR NONE 
RT HIGH STABILITY REF 0.00000 User WRK SOLID 
1 S NO EU   0.000E+00 
AU NO OC  -1.320 

#60B A16061 PH = 8.5 without N2 

4.00 

0. 00 

-4.00 

-8.00 

-12.00 E 
Ü 
\ 
e -16 00 

10 
0 
L 
III -20 00 
\ 
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-24 00 

-28 00 

-32.00 

-36.00 
■1800.0  -1400.0  -1000.0   -600.0 -200.0    200.0     600.0    1000.0    1400.0 

E <mV> 

1800.0 

FIGURE B-30 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#61A 
EC ECORR US. TIME 
Time Run:  21:15:07 
TP   5.000E+00 
RT  HIGH STABILITY 
AR   1.000E+00 
DEN  0.000E+00 

File Status:  NORMAL 

Tl   1.000E+03 
REF 0.00000 User 
LS NO 
All NO 

Vpstat":  M263At90] Wer 210, »A2637V 
Date Run:  01-20-96 

NP 200 
WRK SOLID 
EUI   0.000E + 00 
OC -1.356 

SO  Pass 

#61A 

#61 A  a!6061 without N2 

hi 

-1.100 

•1.140 

-1.180 

-1.220 

-1.260      

-1 . 300 

•1.340   I— 
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-100.0 
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Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#61B 
PD POTENTIODYNAMIC 
Time Run:  22:26:25 

r.    2.23 
Ps + at:   M263A[?0] Wer 210, #A26379 

CP 
FP 
ST 
FL 
AR 
DEN 

-1.700 vs. 
1.600 vs. 

6.024E+00 
I/E 
1.000E+00 
0.000E+00 

R 
R 

Fi 1 e Status:   NORMAL Date Run:   01-20- 96 

CT 900 IP   -1.700 vs. R ID PASS 
SI 1.000E-03 SR    1.S60E-04 
CR AUTO NP  3301 IR NONE 
RT HIGH STABILITY REF 0.00000 User WRK SOLID 
LS NO EU   0.000E+00 
AU NO OC  -1.0S5 

#61B 

#61 A  al6061 without N2 
2.000 

1. 600 

1.200 

0. 800 

0. 400 

0. 000 

-0.400 

-0.800 

-1.200 

1.600 

—2.000 

I    MINI! "1     I   MINI TTT '1    r\  ill! 1    I   ilTT T 

1111 1    I   I  I 1 I I I     I   I   I I ! I I I 
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-2 

10" 
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Model 352/252 Corrosion Analysis Software, 
Filename:   c:\m352\data\#61B 
PD POTENTIODYNAMIC 
Time Run:   22:26:25 
CP   -1.700 vs. R 
FP    1.600 vs. R 
ST   6.024E+00 
FL  I/E 
AR    1.000E+00 
DEN  0.000E+00 

Pstat':   M263AI90] Wer 
~~ 96 Fi 1 e Status:   NORMAL Date Run:   01-20 

n 900 IP   -1.700 vs. 
ST 1.000E-03 SR    1.660E-04 
CR AUTO NP  3301 
PT HIGH STABILITY REF 0.00000 User 
1 S NO EU   0.000E+00 
AU NO OC  -1.065 

210, #A26379 

ID  PASS 

IR  NONE 
WRK SOLID 

#6 IB 

#61 A  al6061 without N2 

4.00 

0. 00 

-4.00 

E 
(! -8. 00 
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(D -12 00 
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-24.00 
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Model 352/252 Corrosion Analysis So-ftuare, 
Filename:  c:\m352\data\#62A 
EC ECORR US. TIME 
Time Run:  10:01:33 
TP   1.500E+02 
RT  HIGH STABILITY 
AR   1.000E+00 
DEN  0.000E+00 

File Status: 

v.    2.23 
Pstat:  M263AI90] Ver 210, #A26379 

NORMAL  Date Run:  01-27-76 

Tl 3.000E+04 
REF 0.00000 User 
LS 
AU 

NO 
NO 

NP 160 
URK SOLID 
EU 0.000E+00 
OC -0.947 

SO      Pass 

*62A 

-660.0 

-700.0 

-940.0 

-980.0 
-2. 00 

FIGURE B-34 



Model 352/252 Corrosion Analysis Software 
Filename:  c: \n>352\data\#62B 
PO POTENTIODYNAMIC 
Time Run:  16:50:13 
CP -1.700 vs. R 
FP 2.000 vs. K 
ST 6.024E+00 
Fl. I/E 
AR 1.000E+00 
DEN 0.000E+00 

File Status: 

Vpstat:  M263At90] Wer 210, #A2637? 
NORMAL  Date Run:  01-27-96 

CT 1600 
SI   1.000E-03 
CR AUTO 
RT HISH STABILITY 
LS NO 
AU NO 

IP -1.700 vs. R 
SR 1.660E-04 
NP 3701 
REF 0.00000 User 
EU 0.000E+00 
OC -1.085 

ID      PASS 

IR      NONE 
UIRK   SOLID 

#62B 

2> 

hi 

2.500 ■   | ! mil»   i iiiinii   i n mill   i i mini   i "mill   i IIUIHI   i i IIIIII|   i <^m\   ' "||IM|   ' '"""I   ' "'""I   ' li'" 
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Mode! 352/252 Corrosion Ana I us 
Filename:  c:\m352\data\#62B 
PD POTENTIODYNAMIC 
T i me Run:   16:50:13 
CP 
FP 
ST 
FL 
AR 
DEN 

-1.700 vs. 
2.000 vs. 

6.024E+00 
I/E 
1.000E+00 
0.000E+00 

File Status: 

s Software, v.    2.23 
Pstat:  M263AC90] ver 210, 

NORMAL  Date Run:   01-27-96 
»A26379 

CT 1600 
SI    1.000E-03 
CR AUTO 
RT HIGH STABILITY 
LS NO 
AU NO 

IP -1.700 vs. F 
SR 1.660E-04 
NP 3701 
REF 0.00000 User 
EUI 0.000E + 00 
OC -1.085 

ID  PASS 

IR 
UIRK 

NONE 
SOLID 

#62B 

£ 
U 
\ 

0) 
L 
a \ 

10.000 
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E. 000 

4. 000 
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-8.000 
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Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#63B 
PD POTENTIODYNAMIC Fi 1 e Status:  NORMAL 
Time Run:  07:23:45 
CP  PASS vs. R CT PASS 
FP     1.000 vs. R SI 1.000E-03 
ST   G.024E+00 CR AUTO 
FL  1/E RT HIGH STABILITY 
AR   1.000E+00 LS NO 
DEN  0.000E+00 AU NO 

v.    2.23 
Pstat:  M263A[901 Ver 210, 
Date Run:  82-83-96 

#A2637V 

IP -1.500 vs. F 
SR 1.660E-04 
NP 2501 
REF 0.00000 User 
EU 0.000E+00 
OC -1.092 

ID  PASS 

IR  NONE 
WRK SOLID 
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Model 352/252 Corrosion Analysis Software, 
F i 1ename: c:\m352\data\#64B 

2. 23 
Pstat: M263At90] Uer 210, #A2S37? 

PD POTENTIODYNAMIC Fi 1 e Status:  NORMAL Date Run:  02-03- 96 
Time Run:   14:03:48 
CP  PASS vs. R CT PASS IP   -1.500 vs. R ID PASS 
FP     1.000 vs. R SI 1.000E-03 SR   1.660E-04 
ST   G.024E+00 CR AUTO NP  2501 IR NONE 
Fl_  I/E RT HIGH STABILITY REF 0.00000 User URK SOLID 
AR    1.000E+00 LS NO EU   0.000E+00 
DEN  0.000E+00 AU NO OC  -0.951 

1400.0 

1000.0 

600.0 

200.0 
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-G00.0 
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Model 352/252 Corrosion Analysis Software 
Filename:  c:\m352\data\#65A 
EC ECORR US. TIME 
Time Run:  08:00:10 
TP   9.000E+00 
RT  HISH STABILITY 
AR   1.000E+00 
DEN  0.000E+00 

File Status: 

Vpstat':  M263A190] Wer 210, 
NORMAL  Date Run:  02-04-76 

#A26379 

Tl 1.800E+03 
REF 0.00000 User 
LS 
AU 

NO 
NO 

NP 200 
URK SOLID 
EU 0.000E+00 
OC -1.245 

SO  Pass 

W65A 

#65A E -Time A I 6061 

D 

111 

-0.880 

-0.920 

-0.960 

-1.000 

•1 . 040 

-1.080 

FIGURE B-39 



Model    352/252   Corros on   Analysis   Software,    v.          2.23 
Filename:       c:\m352\data\#65B                                                 Pstat:       M263At90]    Wer   210,    #A2637? 
PD   POTENTIODYNAMIC File   Status:       NORMAL      Date   Run:       02-03-76 
T ime   Run:       20:18:0? 
CP      PASS   vs.    R CT      PASS                                        IP         -1.700   vs.    R               ID      PASS 
FP             1.600   vs.    R SI          1.000E-03                         SR          1.660E-04 
ST         B.024E+00 CR      AUTO                                           NP      3301                                           IR      NONE 
FL      I/E RT      HIGH   STABILITY             REF   0.00000   User                  WRK   SOLID 
AR          1.000E+00 LS      NO                                                 EU         0.000E+00 
DEN      0.000E+00 AU      NO                                                 OC      -1.017 

4t p erpi WOOD 

#65B   PH=9   AI6061 
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Model 352/252 Corrosion Analysis Software, 
Filename:   c:\m352\data\#66A 
EC ECORR US. TIME 
Time Run:  10:01:44 
TP   9.000E+00 
RT  HIGH STABILITY 
AR   1.000E+00 
DEN  0.000E+00 

File Status: NORMAL 
Pstat':  M263AI903 Uer 210, 
Date Run:  02-04-96 

«A26379 

Tl 1.800E+03 
REF 0.00000   User 
LS NO 
AU NO 

NP 200 
URK SOLID 
EUI 0.000E + 00 
OC -1.273 

SO      Pass 

#6SA 

#66A   E-Time   A I 6061 

3 

W 

-0.960 

-1.000 

-1.040 

■1. 080 

-1.120 

-1.160 

-1.200 

-1.240 

•1.280 

-1.320 
-0.200 

1. 800 2.200 
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Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\da+a\#BGB 
PD POTENTIODYNAMIC 
T i me Run:   10:36: 15 
CP  PASS vs. R 
FP    1.000 vs. R 
ST   6.024E+00 
FL  I/E 
AR   1.000E+00 
DEN  0.000E+00 

File Status: NORMAL 

CT PASS IP -1.500 vs. 
SI 1.000E-03 SR 1.660E-04 
CR AUTO NP 2501 
RT HIGH STABILITY REF 0.00000 User 
IS NO EU 0.000E+00 
AU NO OC -1.288 

v.    2.23 
Pstat:  M263AC901 Uer 210, «A2637? 
Date Run:  02-B4-9S 

ID  PASS 

IR 
URK 

NONE 
SOLID 

#66B 

1400.0 

1000.0 
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Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#67A 
EC ECORR VS. TIME 
Time Run:  19:33:02 
TP   9.000E+00 
RT  HIGH STABILITY 
AR   1.000E+00 
DEN  0.000E+00 

File Status:  NORMAL 

2. 23 
Pstat:  M263AC90] Uer 210, #A2G379 
Date Run:  02-09-96 

Tl 1.800E+03 
REF 0.00000 User 
LS 
AU 

NO 
NO 

NP 200 
URK SOLID 
EU 0.000E+00 
OC -0.772 

SO      Pass 

#S7A 

£ 

-640.0 

-660.0 

-680.0 

-700.0 

-720.0 

-740.0 

-760.0 

-780.0 
-0.200 
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Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#67B 
PD POTENTIODYNAMIC Fi 1 e Status:  NORMAL 
T ime Run:  20:17:22 
CP  PASS vs. R CT PASS 
FP    1.600 vs. R SI 1.000E-03 
ST   B.024E+00 CR AUTO 
FL  I/E RT HIBH STABILITY 
AR   1.000E+00 LS NO 
DEN  0.000E+00 AU NO 

v.   2.23 
Pstat:  M263AC90] Uer 210, 
Date Run:  02-09-96 

#A26379 

IP   -1.700 vs. R 
SR   1.660E-04 
NP 3301 
REF 0.00000 User 
EU   0.000E+00 
OC -1.007 

ID      PASS 

IR 
WRK 

NONE 
SOLID 

#67B 

#67b   ph = 9   A I 6061 

2. 000 

1.600 

•1.600 

-2.000 

FIGURE B-44 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#68A 
EC ECORR US. TIME 
Time Run:   10:13:05 
TP   9.000E+00 
RT  HIGH STABILITY 
AR    1.000E+00 
DEN  0.000E+00 

File Status:   NORMAL 

Tl    1.800E+03 
REF 0.00000 User 
LS NO 
All NO 

Vpstat":   M263AE90] Uer 210, «A26379 
Date Run:   02-10-96 

NP 200 
WRK SOLID 
EW 0.000E + 00 
OC -1.046 

SO  Pass 

*68A 

ftBBa E vs Time 

-0.940 

-0.960 

-0.980 

-1.000 

-1.020 

-1 . 040 

-1.060 

-1.080 
-0.200 
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Model 352/252 Corrosion Analysis Software 
Filename:  c:\m352\data\#69A 
EC ECORR WS. TIME 
Time Run:   19:18:46 
TP   9.000E+00 
RT  HIGH STABILITY 
AR    1.000E+00 
DEN  0.000E+00 

File Status: 

Vpstat':   M2G3AC90] Uer 210. 
NORMAL  Date Run:   02-10-96 

Tl 1.800E+03 
REF 0.00000 User 
LS 
All 

NO 
NO 

#A26379 

NP 200 
URK SOLID 
EU 0.000E+00 
OC -0.968 

SO      Pass 

-0.950 

#69A 

#69a   E   vs   Time 

-0.970 

-0.990 

v      -1.010 

111 

-1.030 

-1.050 

-1.070 
-0.200 0. 200 0. 600 1. 000 

t    (s) 

1.400 1.800 

xl0 

2.200 
3 
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Model 352/252 Corrosion Analysis Softuare, 
Filename:  c: \m352\data\#69B 
PD POTENTIODYNAMIC Fi 1 e Status:  NORMAL Da 
Time Run:  20:17:28 
CP  PASS vs. R CT PASS IP 
FP    1.600 vs. R SI 1.000E-03 SK 
ST   6.024E+00 CR AUTO NH 
FL  I/E RT HIGH STABILITY RE 
AR   1.000E+00 LS NO kU 
DEN  0.000E+00 AU NO oc 

2.23 
Pstat:  M2G3AC90] Wer 

Run:  02-10-96 

-1.700 vs. R 
1.660E-04 

3301 
REF 0.00000 User 

0.000E+00 
-1.263 

210,    #A26379 

ID      PASS 

IR 
WRK 

NONE 
SOLID 

#69B 

#69b   Ph=9   AI6061 

2.000 
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1.200 

0. 800 

0. 400 

0. 000 
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Model 352/252 Corrosion Analysis Software, 
Filename:  c: \n>352\data\#70A 
EC ECORR US. TIME 
Time Run:   10:33:40 
TP   9.000E+00 
RT  HIGH STABILITY 
AR    1.000E+00 
DEN  0.000E+00 

File Status: NORMAL 

Tl 1.800E+03 
REF 0.00000 User 
LS 
AU 

NO 
NO 

'.    2.23 
Pstat:  M263AI90] Wer 210, #A2637V 
Date Run:  02-11-9S 

NP  200 
URK SOLID 
EU   0.000E+00 
OC  -1.021 

SO  Pass 

#70A 

#70a E vs time 

B 

-900.0 

-920.0 

-940.0 

-960.0 

-980.0 

-1000.0 

1020.0 
-0.200 
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Model 352/252 Corrosion Analysis Softuart 
Filename:  c:\m352\da+a\#70B 
PD POTENTIODYNAMIC 
T i me Run:   11:10:16 
CP  PASS vs. R 
FP     1.400 vs. R 
ST   6.024E+00 
FL  I/E 
AR    1.000E+00 
DEN  0.000E+00 

File Status: NORMAL 

CT PASS 
SI    1.000E-03 
CR AUTO 
RT HI6H STABILITY 
LS NO 
All NO 

'.    2.23 
Ps+at:  M263AE90] Uer 210, 
Date Run:   02-11-96 

#A26379 

IP 
SR 
NP 

-1.400 vs. 
1.660E-04 

2801 

EU 

ID  PASS 

REF 0.00000 User 
IR 
WRK 

NONE 
SOLID 

0.000E+00 
OC  -0.761 

#70B 

#70b E vs Iogl ph=? 

E 

1600.0 
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400. 0 
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Model 352/252 Corrosion Analysis Softuar 
Filename:  c: \n>352\data\#71 A 
EC ECORR VS. TIME 
Time Run:  21:13:56 
TP   9.000E+00 
RT  HIGH STABILITY 
AR   1.000E+00 
DEN  0.000E+00 

File Status: 

v.    2.23 
Pstat:  M263A190] Uer 210, 

NORMAL  Date Run:  02-16-76 
«A2637? 

Tl   1.800E+03 
REF 0.00000 User 
LS  NO 
AU  NO 

NP 200 
WRK SOLID 
EU 0.000E+00 
OC -0.838 

SO      Pass 

#71A 

#71a   E   vs   Time 

-765.0 

FIGURE B-50 



Model 352/252 Corrosion Analysis Software, 
Filename:  c:\m352\data\#71B 
PD POTENTIODYNAMIC 
Time Run:  22:10:51 
CP  PASS vs. R 
FP     1.600 vs. R 
ST   6.024E+00 
FL  I/E 
AR   1.000E+00 
DEN  0.000E+00 

2.23 
Pstat:  M263AC90] Uer 210, #A26379 

Fi e Status:  NORMAL Date Run:  02-16-9S 

CT PASS IP   -1.700 vs. R ID PASS 
SI 1.000E-03 SR   1.660E-04 
CR AUTO NP  3301 IR NONE 
RT HIGH STABILITY REF 0.00000 User WRK SOLID 
LS NO EU   0.000E+00 
AU NO OC  -1.105 

#71B 

#71b   Ph = 9   AI60G1 
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#34A #35A 
#38A 

#36RA 
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Note:   The original is of poor quality.   The curves show comparisons of sets of mixtures of 
passivators. These curves have been included to show contrast on one page. 
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Note:   The original is of poor quality.   The curves show comparisons of sets of mixtures of 
passivators. These curves have been included to show contrast on one page. 
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Note:   The original is of poor quality.   The curves show comparisons of sets of mixtures of 
passivators. These curves have been included to show contrast on one page. 

FIGURE B-54 



#53A #54A #55A 

■1.080 

•1.120 

•1.160 

■1.200 

•1.240 

•1.280 

-1.320 

-1.360 
-100.0 100.0 300.0 500.0 700.0 900.0 1100.0 1300.0 

+    (s) 

Note:   The original is of poor quality.   The curves show comparisons of sets of mixtures of 
passivators. These curves have been included to show contrast on one page. 
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