
REPORT DOCUIVfENTATION PAGE 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instru 
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other asp 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188) 
4302 Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to 
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.  

AFRL-SR-BL-W-01- 

a currently 

1. REPORT DATE (DD-MM-YYYY) 
April   25,   2001  

2. REPORT TYPE 
Final Technical Report 

4. TITLE AND SUBTITLE 
New Approaches to Understanding and Preventing Corrosion of 

Aluminum and Its Alloys 

6. AUTHOR(S) 
Daniel A. Buttry 

..unitsCOVERED (From- To) 
11/1/97   -   10/31/00 

5a. CONTRACT NUMBER 

Sb. GRANT NUMBER 
F49620-97-1-0531 
5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Univ. of Wyoming 
Dept. of Chemistry 
Box 3838 
Laramie, WY 82071-3838 

8. PERFORMING ORGANIZATION REPORT 
NUMBER 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 
AFOSR/NL Lt. Col. Paul Trulove, Ph. 
Surface Chemistry and Electrochemistry Program 
801 N. Randolph St. / Room 732 
Arlington, VA 22203-1977 

D. 
10. SPONSOR/MONITOR'S ACRONYM(S) 
AFOSR/NL 

AIR 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

^FlCRESEARCHfAFOSfl) 
mmm^JßLm WTECHNiCALREPÖRT 

12. DISTRIBUTION / AVAILABILITY STATEMENT 
unlimited distribution 

W\c 'ION IS UNLIMITED. 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
The general approach in the project is to remove intermetallic inclusions from AA2024 surfaces 
by chemical etching. The procedure is to expose the surface to an oxidant, such as persulfate, 
in the presence of complexing agents, such as ethylene diamine (EN) and EDTA. The objective is 
to have the complexing agents attack the oxide, and facilitate the oxidative removal of noble 
metals from the intermetallic inclusions. In order to monitor this process, we have developed 
elemental mapping procedures that allow us to use energy dispersive spectroscopy (EDS) to 
evaluate the effectiveness of the etching process. 

15. SUBJECT TERMS 
corrosion, electrochemistry, aluminum alloy 

20010612 013 
16. SECURITY CLASSIFICATION OF: 
Unclassified 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

17. LIMITATION 
OF ABSTRACT 

none 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
Daniel A.   Buttry 
19b. TELEPHONE NUMBER (include area 
code) 
307-766-6677 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18 



2000 AFOSR Final Technical Report 

"New Approaches to Understanding and Preventing Corrosion of Aluminum and Its Alloys" 

April 25, 2001 
submitted by: Prof. Daniel A. Buttry, Department of Chemistry, University of Wyoming, Laramie, WY 82071- 

3838; voice: (307) 766-6677; fax: (307) 766-2807; email: Buttry@uwyo.edu 

1. Brief Summary of Research Activities 
Our initial efforts in this project centered around use of various spectroscopic methods to study the early 

events in the inhibition of corrosion pits in AA2024 alloy. Specifically, we applied both Raman and FTIR to 
examine the amount and nature of chromate-derived species at AA2024 surfaces. This work was briefly 
described at the Contractors Meeting in Annapolis in 1998. 

After extensive discussions with various researchers at that meeting, we significantly changed our 
approach to the problem. Specifically, we abandoned our efforts to use microscopic spectroscopic techniques to 
examine the evolution of chromate speciation in pits. This was in large measure because the group at Ohio State 
(Frankel and McCreery) was fairly far along in their efforts toward this goal. Instead, we redirected our efforts 
toward the goal of selectively etching the intermetallic inclusions from the AA2024 surface. This dramatic 
change in our research direction set us back somewhat in terms of productivity. However, as will be seen below, 
this new direction has been quite fruitful. Our preliminary results with selective chemical etching of 
intermetallic inclusions were presented at the Contractors Meeting in Florida in January 1999 and also at the 
Electrochemical Society Meeting in Toronto in Spring 1999. We turn now to a brief discussion of the general 
approach and recent results in this effort. More detailed results can be found in the presentation that was made 
available at the 1999 Contractors Meeting. Also, a manuscript was recently submitted to the Journal of the 
Electrochemical Society, and has been through the first round of reviewing. We have submitted a revised 
version and are awaiting acceptance. A preprint of this manuscript was submitted last Fall as part of our 
AFOSR reporting requirements. 

The general approach to removing intermetallic inclusions from AA2024 surfaces is to expose the 
surface to an oxidant, such as persulfate, in the presence of complexing agents, such as ethylene diamine (EN) 
and EDTA. The objective is to have the complexing agents attack the oxide, and facilitate the oxidative removal 
of noble metals from the intermetallic inclusions. In order to monitor this process, we have developed elemental 
mapping procedures that allow us to use energy dispersive spectroscopy (EDS) to evaluate the effectiveness of 
the etching process. 

2. Major Accomplishments 
The submitted manuscript shows both EDS elemental percentages and backscattering SEM images for 

surfaces that have been exposed to such etching solutions. These data clearly show that etching occurs, and that 
the details of the etching solution composition and other factors (e.g. temperature) play a major role in the 
outcome of the etching process. These results were obtained for the case of baths containing either ethylene 
diamine (EN) or EN plus EDTA. More recent work suggests that several other types of complexing agents can 
show significantly different behavior. For example, diethylene triamine (DETA) shows very efficient removal 
of Cu from the Cu-rich inclusions. This apparently occurs with little corresponding attack at the Al-rich bulk. 
This etching condition is thus much more selective than any we have observed yet. We are currently completing 
experiments that delineate the etching behavior of this system, and will report on them in a manuscript to be 
prepared shortly. During the coming months, we will be writing two papers, one on the DETA results, and one 
on the use of triethylene tetramine (TETA), another etching agent that is quite selective for Cu removal. 

These results are very encouraging, because they demonstrate that it is possible to influence the surface 
composition of AA2024 in a way that should lead to reduced corrosion susceptibility. One of our goals for the 
near term will be to examine this susceptibility for AA2024 samples that have been treated using these etching 
baths. 



More recently, we have used tiie (potentiostatically-controlled) electrochemical reduction of dioxygen at 
the alloy surface as an assay method for determining the extent to which the chemical etching has removed the 
inclusions, thereby eliminating the catalytic ability for dioxygen reduction. This has proceeded very nicely, as 
presented at the January 2001 Contractors Meeting. A manuscript on this study is nearly completed. 
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